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0 Temperature self-controlling heating composition. 



0 The present invention provides a temperature 
self-controlling heating composition containing cry- 
stalline resins, elastomers and electrically conductive 
particles, and additional material for giving an affinity 
to the resins and the elastomers if the both are not 
compatible, in which the electrically conductive par- 
ticles are stably dispersed in the medium of the 
resin and the elastomer, and the agglomeration of 
^the dispersed particles can be prevented, even if the 
^temperature exceeds the melting point of the cry- 
^stalline resine, because the apparent viscosity of the 
(V) resin is not dropped so much by the net work 
^ structure of the elastomers, so that the electrical 
^ resistance does not drop down even in such a high 
^j- temperature. 
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Temperature Self-controlling Heating Composition 



The present invention relates to a temperature 
self-controlling heating composition having a posi- 
tive temperature coefficient (referred to as PTC 
hereinafter), which can be used for a domestic 
heater such as a floor heater, a wall heater and the 5 
like. 

So far a temperature self-controlling heating 
composition which has been practiced is produced 
by the radiation crosslinking of a molded article of 
mixture of crystalline resins such as low density w 
polyethylene and carbon black. 

A heating composition produced from a simple 
mixture of a crystalline resin and carbon black has 
a tendency that an electrical resistance sharply 
increases near the softening temperature (T1) of /5 
the crystalline resin and decreases at a tempera- 
ture higher than the melting point (T2) as shown by 
a solid line in Fig. 1. Accordingly, if the heating 
composition is heated by an outside heat source 
and the temperature of the composition rises high- 20 
er than the melting point T2 ( the resistance of the 
composition becomes reduced and the tempera- 
ture abnormally rises to possible ignition. Further, 
there is a serious problem that the resistance be- 
comes gradually increased to finally lose the heat- 25 
ing ability, if an electrical potential is continuously 
or intermittently applied to the heating composition 
even at an ordinary temperature. 

As a cause of the above phenomenon a follow- 
ing ground is thought Though it is formed an 30 
electrical conductive path in which carbon black is 
homogeneously dispersed into a crystalline resin 
just after both are mixed, the carbon black, at a 
temperature higher than the melting point (T2) of 
the crystalline resin, begins Brownian movement in 35 
the melted crystalline resin, and the Brownian 
movement increases as the temperature becomes 
higher, so that the opportunity of contact of adja- 
cent carbon black increases. As the result of the 
above the resistance reduces at a temperature 40 
higher than the melting point (T2) of the crystalline 
resin. On the other hand, the reason of the increase 
of the resistance in the latter case is considered 
that the electrical conductive path is interrupted by 
partial agglomeration (deterioration of dispersion) of 45 
the carbon black which will be induced by continu- 
ous or intermittent application of an electrical pres- 
sure. 

Such agglomeration of carbon black will be 
caused by lower heat resistance of a crystalline so 
resin, a dispersion medium for the carbon black. A 
heat saturated temperature of a temperature self- 
controlling heater is set up at a temperature lower 
than the melting point of the crystalline resin by 
about 20 - 30 * C, the reason of which is that the 



PCT property is depended on the change of spe- 
cific volume of the crystalline resin in melted state, 
and such a selection of the temperature will be 
suitable. The heat saturated temperature, however, 
is a macrotemperature of a whole temperature self- 
controlling heating composition, and the microtem- 
perature in the crystalline resin forming the elec- 
trical conductive path will rise higher than or near 
the meiting point in some occasion. The crystalline 
resin will be sharply reduced in the viscosity at a 
temperature higher than the melting point to be- 
come liquid. The carbon black cannot be retained 
in the melted resin so as to partially agglomerate, 
and portions consisting of only the crystalline resin 
inherently insulative are formed within the electrical 
conductive path to make the heating composition 
highly resistive. As apparent from the above rea- 
sons, it had been considered difficult to stably 
retain carbon black dispersed in a crystalline resin 
aione. Therefore, a conventionally practiced heating 
composition is produced by the radiation crosslin- 
king of a molded article made from a mixture of 
carbon black and a crystalline resin. As the cry- 
stalline resin subjected to the radiation crosslinking 
is improved in the heat resistance by the formation 
of a three-dimensional structure from the crystalline 
resin having a two-dimensional structure 
(prevention of the rapid change in physical prop- 
erties near the melting point, especially decrease 
of viscosity), the agglomeration of the carbon black 
can be prevented. The relation of resistance 
(ordinate) and temperature (abscissa) of such an 
embodiment is shown in Fig. 1, in which the broken 
line indicates the resistance/temperature curve. 

The temperature self-controlling heating com- 
position containing such a crosslinked resin is too 
expensive because the cost of equipment for the 
radiation crosslinking is expensive, and is lack in 
flexibility. 



SUMMARY OF THE INVENTION 

The object of the present invention is to pro- 
vide economically a flexible temperature self-con- 
trolling heating composition improved in the afore- 
mentioned defects. 

The heating composition of the present inven- 
tion can be provided from a mixture of crystalline 
resins, elastomers having high temperature resis- 
tance and compatibility with said crystalline resin, 
and electrically conductive particles. 
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FIG. 1 is a graph showing the relation of 
electrical resistance and temperature in a conven- 
tional temperature self-controlling heating composi- 
tion, 

Fig. 2 is a graph showing the relation of 
electrical resistance and temperature in one em- 
bodiment of a temperature self-controlling heating 
composition of the present invention, and 

Fig. 3 is a graph showing the relation of 
electrical resistance and temperature in another 
embodiment of a temperature self-controlling heat- 
ing composition of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The first embodiment of the present invention 
is a temperature self-controlling heating composi- 
tion which comprises crystalline resins, elastomers 
having high temperature resistance and compatibil- 
ity with the crystalline resins, and electrical con- 
ductive particles. 

The feature of the present invention is in that 
the heating composition comprises elastomers hav- 
ing high temperature resistance and compatibility 
with the crystalline resin. As aforementioned car- 
bon black dispersed in crystalline resins is liable to 
agglomerate when the temperature of the heating 
composition rises higher than the melting point, 
because the resin becomes fluid, and the efectrical 
resistance sharply drops down to lead to a rapid 
temperature rise in a conventional heating com- 
position. In the present invention the elastomer 
contained in the composition prevent the electrical 
conductive particles dispersed in the crystalline 
resin from agglomerating even when the tempera- 
ture exceeds the melting point of the crystalline 
resin, because the melted crystalline resin is re- 
tained, due to the compatibility of the elastomer 
and the resin, in the matrix formed with the net 
work of the elastomer which has a three dimension 
structure, and is prevented from remarkable drop 
of the viscosity. When elastomers incompatible 
with the crystalline resin are used, a third material, 
especially resinous material, which is compatible 
with both of the resin and the elastomer may be 
additionally mixed with the both in such an amount 
that the crystalline resin and the elastomer can 
become mutually miscible. It would be clearly un- 
derstandable that the same effect as obtained in 
the first embodiment can be obtained in such an 
embodiment 

Thus, the second embodiment of the present 
invention is a temperature self-controlling heating 
composition which comprises crystalline resins, 
elastomers having high temperature resistance and 
incompatible with said resins, materials compatible 
with both of the resins and the elastomers, and 
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electrically conductive particles. 

The crystalline resin usable in the present in- 
vention may include polyethylene, polypropylene, 
polyoxymethytene, polyvinyl alcohol, modified 

5 polyethylene (e.g. maleic anhydride modified poly- 
ethylene), polymethylmethacryrate, poly- 
vinylacetate, poiyvinylchloride and the like. 
Polyethylenes including high density polyethylene, 
low density polyethylene, modified polyethylene 

to and the like are especially interest because of its 
chemical stability, inert property against any elec- 
trical conductive particles, and low price. If cry- 
stalline resins having polarity and electrically con- 
ductive particles having polarity on the surface 

rs such as carbon black are used in the same com- 
position, the particle can be more stably dispersed 
in the resin due to the affinity induced by the 
polarities, which is also preferable embodiment. 
As examples of the preferable groups causing 

20 the polarity on the crystalline resin are hydroxyl 
groups, carboxyi groups, amino groups, aldehyde 
groups ether groups, and the like. 

The content of the crystalline resin in the com- 
position is preferably about 15 to 60 % by weight, 

25 more preferably about 25 to 45 % by weight based 
on the total amount of the composition. 

The elastomers compatible with the crystalline 
resin (referred to as an elastomer (I)) are preferably 
selected from elastomers having a solubility param- 

30 eter different from that of crystalline resin by not 
more than about 2, more preferably not more than 
1 .8. The solubility parameter (SP) is defined by the 
following equation: 

4Q wherein AE represents evaporation energy, and V 
represents molecular volume. 

Preferable elastomer (I) is a thermoplastic 
elastomer. Examples of the elastomer (I) usable in 
the present invention include, though it depends on 

4S the kinds of the crystalline resin, stylene/butadiene 
rubber, maleic anhydride modified 
stylene/butadiene rubber, crosslinked ethylene pro- 
pylene rubber, chlorinated rubber, chlorinated 
polyolefin and the like in general. 

5Q The content of the elastomer (I) in the com- 

position is preferably about 15 to about 60 % by 
weight, more preferably about 25 to about 45 % by 
weight based on the total amount of the composi- 
tion. 

55 The elastomers incompatible with the crystal- 

line resin (referred to as an elastomer (II)) prefer- 
ably have solubility parameter of more than 2. The 
elastomer (II) should have a net work structure, and 
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preferably thermoplasticity, but a melting point fair- 
ly higher than that of the crystalline resin to be 
used together. Preferable examples of the 
elastomer (II) include polyester type elastomers, 
polyurethane rubber. 

The elastomer (II) should be used together with 
materials compatible with both of the crystalline 
resins and the elastomer (II). These materials 
(referred to as a compatible material hereinafter) 
act as a mediator between the resin and the 
elastomer (II) in the composition to form a homo- 
geneous mixture. The compatible materials may be 
resinous materials, elastomers, piasticizers, waxy 
materials, and the like, but the most preferable 
ones are resinous materials, for example, maleic 
acid modified resin and the like or elastomers. The 
compatible materials have a solubility parameter 
between those of the crystalline resin and the 
elastomer, and the differences in the solubility pa- 
rameter from the both are not more than about 2, 
more preferably not more than about 1.8 respec- 
tively. 

The content of the elastomer (II) is preferably 
about 1 5 to about 60 % by weight, more preferably 
about 25 to about 45 % by weight based on the 
total amount of the composition. The ratio of the 
elastomer (II) to the compatible material is not 
restrictive, but the comparative material is prefer- 
ably used at the percentage of from about 5 to 
about 30 based on the total weight of the composi- 
tion, and the compatible materials should be used 
at such an amount that the crystalline resin and the 
elastomer (II) can be homogeneously mixed under 
the presence of the compatible materials. 

The elastomer (II) may be used with an 
elastomer (I), or together with an elastomer (I) and 
a compatible material. In the former the elastomer 
(I) itself acts as a compatible material. In the latter 
the elastomer (!) may act as a compatible material 
or not. These embodiments should be, of course, 
interpreted as one of the embodiment of the 
present invention. 

Electrically conductive particles according to 
the present invention may be carbon powders such 
as carbon black, graphite powders and the like; 
metal powders such as iron powders, copper pow- 
ders, aluminum powders, nickel powders and the 
like; powders of ionizable materials such as metal 
oxides, carbonates, and the like; metal coated pow- 
ders and the like. Most preferable electrically con- 
ductive particles are carbon black, because it is 
excellent in a dispersability due to its low gravity 
and affinity to crystalline resins in general, and it 
has a comparatively high electrical conductivity. 

Preferable particle size of the electrically con- 
ductive particles is from about 20 to about 100 nm. 
The dispersability of the particle is improved as the 
particle size is smaller, but the Brownian movement 
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becomes more active, and the electrical resistance 
of the composition is liable to change with the 
change of the temperature. 

In the first embodiment the electrically conduc- 

5 tive particles may be directly dispersed into melted 
crystalline resins, or previously dispersed into a 
small amount of crystalline resins and then mixed 
with the same or different melted crystalline resins. 
In the second embodiment the electrically con- 

70 ductive particles may be directly dispersed into 
any of the melted mixture of crystalline resins, 
elastomers (II) and compatible materials, or pre- 
viously dispersed into the melted crystalline resins, 
elastomers (II) and/or the compatible materials to 

is give a master batch, and then the master batch is 
despersed into the other rest components, or any 
other processes may be applicable. If extremely 
fine particles are used, it is preferable to previously 
disperse the particles into elastomers ((H) to give 

20 comparatively large particles, and mix the obtained 
large particles into melted crystalline resins to- 
gether with compatible materials. As, in this em- 
bodiment, the electrically conductive particles are 
dispersed in the elastomer (II) having a higher 

25 melting point, and the elastomer (II) containing the 
fine particles are dispersed in the crystalline re- 
sines, the fine particles can be restrained in the 
Brownian movement even when the temperature of 
the composition exceeds the melting point of the 

30 crystalline resines, and the elastomer particles are 
also restrained because of its largeness. Therefore, 
the drop of the resistance at that temperature can 
be prevented. 

The content of the electrically conductive par- 

35 tides are extremely depended on the kinds of the 
particles, especially specific conductivity, particle 
size, specific gravity and the like. Therefore, it 
cannot be defined simply, but in case of carbon 
black, the content is preferably about 10 to about 

40 60 % by weight based on the total amount of the 
composition, more preferably about 15 % to about 
50 %. 

The temperature self-controlling heating com- 
position of the present invention may contain an- 

45 other material, for example, electrically conductive 
resinous material, and so on. 

The composition of the present invention can 
be molded to a plate, a sheet, a film, a rod and the 
like, or impregnated into or coated on a matrix 

so such as a web, a net, a textile, a paper, a string, a 
sponge and the like, or coated on a sheet, a plate 
and the like, or filled into a tube, panels and the 
like. 

The temperature self-controlling heating com- 
55 position of the present invention is especially useful 
for a floor heater, a wall heater, a heater for freez- 
ing prevention and the like. 

The present invention shall be illustrated ac- 
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cording to following examples, but it should not be heat for more than 10000 hours when applied to 

construed restrictively by these examples. with AC 100 V at 100 ° C. 



Example 1 

As a crystalline resin low density polyethylene 
(mp. 110 *C; Sumikathene E-104 available from 
Sumitomo Kagaku K.K.) 100 parts by weight, and 
as an elastomer compatible with the crystalline 
resin a poiystylene type thermoplastic elastomer 
(Kraton G 1650, available from Shell Chemical Co., 
Ltd.) 100 parts by weight were premixed by pass- 
ing through pressure rolls heated at 170 *C 5 
times, and then carbon black (particle size of 80 
nm, 67 parts by weight was blended by passing 
through the same pressure rolls heated at 170 *C 
20 times to give a temperature self-controlling 
heating composition. 

The heating composition obtained was rolled at 
170 * C to a sheet having a thickness of about 0.7 
mm, into which one pair of electrodes of copper 
wires (<> 0.3 mm X 20 mm L)) was parallelly buried 
along the longer side at interval of 1 mm. The 
obtained material was pressed at 1 70 * C for 2 
hours, and then cooled to give a panel heater (10 
mm (L) x 4 mm (W) x 1 mm (T)) for test. 

The heater obtained has an electrical resis- 
tance of 30^ 0 cm at 20 * C, and 200 fl cm at 80 
*C, and effectively and continuously generates 
heat for more than 10000 hours when applied to 
with AC 100 Vat100 - C. 



Example 2 

As a crystalline resin to which a polarity is 
introduced a maleic anhydride modified high den- 
sity polyethylene (mp. 130 *C, SP value 8.0, Ad- 
omer HB 310, available from Mitsui Sekiyu Kagaku 
K.K.) 100 parts by weight, as an elastomer com- 
patible with the above resin a maleic anhydride 
modified poiystylene type thermoplastic elastomer 
(SP value 9.0, Tuftec M1913 available from Asahi 
Kasei K.K.) 100 parts by weight were premixed 
with pressure rolls heated at 170 # C five times. 
Into the mixture carbon black (particle size of 80 
mm, pH 8.0, Diablack G available from Mitsubishi 
Kasei K.K.) was blended by the same rolls at 170 
* C 20 times to give a temperature self-controlling 
heating composition. 

-Using the heating composition obtained above 
a panel heater (10 mm x 4 mm x 1 mm) for test 
was produced in the same manner as described in 
the Example 1. 

The heater obtained has an electrical resis- 
tance of 40 Q cm at 20 " C, and 180 Q cm at 80 
*C, and effectively and continuously generates 



5 Example 3 

Tuflec M1913, elastomer, 29 parts by weight 
and carbon black (Diablack G) 43 parts by weight 
were blended by pressure rolls heated at 200 ° C 

io 20 times to give a master batch. The obtained 
master batch 72 parts by weight and Adomer HB- 
310, crystalline resin, 28 parts by weight were 
blended by the same rolls at 170 * C 20 times to 
give a temperature self-controlling heating com- 

15 position. 

A panel heater (10 mm x 4 mm x 1 mm) for 
test was produced from the obtained heating com- 
position in the same manner as described in the 
Example 1. 

20 The heater obtained has an electrical 

resistance/temperature curve shown in Fig. 2, and 
effectively and continuously generates heat for 
more than 10000 hours when applied to with AC 
100 V at 100 * C. 

25 

Example 4 

As a crystalline resin a low density polyethyl- 
30 ene (mp. 110 * C, SP value 8.1, Sumikathene E 
104 available from Sumitomo Kagaku K.K.); 
as an elastomer having a heat resistance higher 
than the above crystalline resin and incompatibility 
with the same a polyester type thermoplastic 
35 elastomer (mp. 182 ° C, SP value 10.5, Hytrel 4047 
available from Torey Du Pont K.K.); 
as a third material compatible with both the cry- 
stalline resin and the elastomer a modified low 
density polyethylene (mp. 107 * C, SP value 9.0, 
40 Bondine LX 4110 available from Sumitomo Kagaku 
K.K.); and 

as an electrically conductive particle carbon black 
(particle size of 80 nm, pH 8.0, Diablack G avail- 
able from Mitsubishi Kasei K.K.) were used. 

45 The carbon black 23 parts by weight and the 
elastomer 31 parts by weight were blended by 
pressure rolls at 200 * C 20 times to give a master 
batch, with which the crystalline resin 32 parts by 
weight and the third material 14 parts by weight 

so were blended by the same rolls at 170 'C 20 
times to prepare a temperature self-controlling 
heating composition. 

A panel heater ( 10 mm x 4 mm x 1 mm) for 
test was produced from the obtained heating com- 

55 position in the same manner as described in the 
Example 1. 

The heater obtained has an electrical 
resistance/temperature curve shown in Fig. 3, and 



BN8DOCID: <EP_JD844734A1JU> 



EP 0 344 734 A1 



10 



effectively and continuously generates heat for 
more than 10000 hours when applied to with AC 
100 V at 100 *C. 

As apparent from Fig. 2 and Fig. 3 heaters 
obtained from the heating composition of the 
present invention show excellent PTC property 
even over the melting point of the crystalline resin 
(T3) without any drop of resistance. Furthermore, 
the heater obtained has a flexibility due to the 
elastomer. 



Claims 

1. A temperature self-controlling heating com- 
position which comprises: 

(1) crystalline resins, 

(2) elastomers having compatibility with the 
crystalline resins and heat resistance higher than 
that of the crystalline resins, and 

(3) electrically conductive particles. 

2. A temperature self-controlling heating com- 
position of the Claim 1, in which each content of 
the crystalline resins, elastomers and tne elec- 
trically conductive particles is about 1 5 to about 60 
% by weight, about 15 to about 60 % by weight 
and about 15 to about 60 % by weight in the above 
order. 

3. A temperature self-controlling heating com- 
position of Claim 1 or 2, in which the elastomer 
possess an affinity to the electrically conductive 
particles rather than to the crystalline resin. 

4. A temperature self-controlling heating com- 
position which comprises: 

(1) crystalline resins, 

(2) elastomers incompatible with the crystal- 
line resins and having heat resistance higher than 
that of the crystalline resin, 

(3) materials having compatibility with both 
of the crystalline resins and the elastomers 
(compatible materials), and 

(4) electrically conductive particles. 



7. A temperature self-controlling heating com- 
position of any one of Claims 1 to 6, in which the 
crystalline resins are polyethylene or modified 
poiyethylenes. 

5 8. A temperature self-controlling heating com- 

position of any one of Claims 1 to 7. in which the 
elastomers are thermoplastic elastomers. 

9. A temperature self-controlling heating com- 
position of any one of Claims 1 to 8, in which the 

10 electrically conductive particles are carbon black. 

10. A temperature self-controlling heating com- 
position of any one of Claims 1 to 9, in which the 
electrically conductive particles are mainly dis- 
persed in the elastomer. 

is 11. A temperature self-controlling heating com- 

position of any one of Claims 3 or 6 to 10, in which 
the affinity to the electrically conductive particles is 
given by a maieic anhydride group and the par- 
ticles are carbon black. 

20 12. A temperature self-controlling heating com- 

position of any one of Claims 4 to 11, in which the 
compatible materials are resinous materials. 



25 



30 



35 



40 



5. A temperature self-controlling heating com- 45 
position of Claim 4, in which each content of the 
crystalline resins, elastomers, the compatible ma- 
terials and the electrically conductive particles is 
about 15 to about 60 % by weight, about 15 to 
about 60 % by weight, about 5 to about 30 % by so 
weight, and about 10 to about 60 % by weight in 

the above order. 

6. A temperature self-controlling heating com- 
position of Claim 4 or 5, in which the elastomer 
possesses an affinity to the electrically conductive 55 
particles rather than to the crystalline resin and the 
compatible materials. 
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